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ABSTRACT Methicillin-resistant Staphylococcus pseudintermedius (MRSP) is a globally
emergent multidrug-resistant pathogen of dogs associated with nosocomial trans-
mission in dogs and with potential zoonotic impacts. Here, we report the draft
whole-genome sequences of 12 hospital-associated MRSP strains and their resistance
genotypes and phenotypes.

ethicillin-resistant Staphylococcus pseudintermedius (MRSP) is an opportunistic

canine pathogen that causes infections of the skin and soft tissue, such as
superficial or deep pyoderma, wounds, urinary tract, and other body sites, including
otitis media or externa, and is often associated with surgical site infections (1, 2). MRSP
is also commonly isolated from cats (3-5) and occasionally from rats, cows, and horses
(6-8). Hospitalization and antimicrobial treatment are major risk factors for MRSP
colonization or infection, making this an important pathogen associated with veteri-
nary hospital-acquired infections (9-16). The number of MRSP/total S. pseudintermedius
infections in hospitalized animals at the Washington State University Veterinary Teach-
ing Hospital increased from 1/17 in 2009 to 11/46 in 2017, peaking at 22/71 in 2015; this
increase is consistent with recent increases reported worldwide (1). The potential for
zoonotic transmission to humans (11, 17-20), multidrug resistance (MDR), and concern
that MRSP could be mistaken for methicillin-resistant Staphylococcus aureus (MRSA) (20,
21) suggest the need for improved detection and molecular subtyping tools for
epidemiological source tracing of this pathogen, especially during outbreaks. Here, we
report draft genome sequences of 12 MDR-MRSP clinical and environmental strains
isolated from a veterinary teaching hospital in Washington State (Table 1). A single
colony of each MDR-MRSP strain was grown overnight at 37°C in brain heart infusion
(BHI) broth (Difco). DNA was extracted using zirconia beads and the Qiagen DNeasy
tissue kit (Qiagen, USA), with the exception that additional 70% ethanol washes and
RNase incubations were added. Paired-end sequencing libraries (2 X 150 bp) were
prepared using NEBNext Ultra Il kit (NEB, UK), according to the manufacturer’s protocol,
and size selected in the range of 422 to 502 bp (average size, ~458 bp). All strains were
sequenced using the lllumina HiSeq 4000 platform (lllumina, Inc., USA). Sequences were
trimmed using BBDuk and de novo assembled using Velvet 1.2.10, with the k-mer
length set at 99 (22). Contigs were reorganized by aligning to the genome sequence of
the reference S. pseudintermedius strain 081661 (GenBank accession no. NZCP016073)
(23) using progressiveMauve (24). Automated annotation of the assembled contigs was
performed using the NCBI Prokaryotic Genome Annotation Pipeline (https://www.ncbi
.nIm.nih.gov/genome/annotation_prok/). Whole-genome multilocus sequence typing

Volume 6 Issue 15 €00290-18

Received 7 March 2018 Accepted 17 March
2018 Published 12 April 2018

Citation Shah DH, Jones LP, Paul N, Davis MA.
2018. Draft genome sequences of 12 clinical
and environmental methicillin-resistant
Staphylococcus pseudintermedius strains
isolated from a veterinary teaching hospital in
Washington State. Genome Announc 6:
€00290-18. https://doi.org/10.1128/genomeA
.00290-18.

Copyright © 2018 Shah et al. This is an open-
access article distributed under the terms of
the Creative Commons Attribution 4.0
International license.

Address correspondence to Margaret A. Davis,
madavis@wsu.edu.

9eneMEA nnouncements’ genomea.asm.org 1


https://orcid.org/0000-0002-0401-9273
https://www.ncbi.nlm.nih.gov/genome/annotation_prok/
https://www.ncbi.nlm.nih.gov/genome/annotation_prok/
https://doi.org/10.1128/genomeA.00290-18
https://doi.org/10.1128/genomeA.00290-18
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
mailto:madavis@wsu.edu
http://crossmark.crossref.org/dialog/?doi=10.1128/genomeA.00290-18&domain=pdf&date_stamp=2018-4-12
http://genomea.asm.org

o
£
£
c
o}
o

Shah et al.

‘lux ‘UIDBA0JRD DB ‘B|oZeXoylawej|ns-wiidoyiawil XS {pide diuenAe|d-
‘uPAwWoIYIAID ‘3 BulphdAxop ‘xoQ ‘Duwixopod)ad ‘pd) {Uljozeyad ‘zjD {UIX04ID ‘X)) ‘UIj0Zeydd ‘4 ‘upAwepul]d ‘pd ‘[odiusydwerolyd

DiedN ‘wiy ‘u

2dA} @duanbas snoojNw ‘1SN

“INJo1yad

K>ouiw ‘Ui ‘upexopoglew ‘el ‘wauadiwi ‘dwi ‘upiwelush ‘wo ‘uppexopolus ‘ous

1D DjuB|NARJD-UI[|IDIXOWE ‘Bny ‘uljjididwe ‘wy udeyiwe %y :SUoleIAlIgge d110IgiuYg
‘Bupuanbas swouab-sjoym ‘SHMs

o4p

pue ‘(W)21 ‘(Lzgdd)ps ‘(g)wiad ‘yoaw IXS 91 Jey 3

0€6 ‘7019 'DI-(9)2up “Jjj-(,€)ydp “(,Z)ydp-(,9)200 oug xo@ pD D D pdd D wy bny £10T pIny ssedsqy TLE ¥06'LEL'T LOv'EEL o ¥€£'956'L 00000000dA¥d 6101
(W)121 pue ‘(g)wia “yraw 9] d XO Uy wo 3

S ‘7019 “0J-(9)p “ljj-(,£)ydp (,z)ydo-(,9)>00 ouz xo@ pD D pdd A ZD Wy bny /10T siaddiD v'LE 8€L'vE9'T 7€9'951 (24 989'915L 000000004QYd 086
Dijp pue ‘()81 ‘(g)wsa ‘Zpjq s wiy 1] dwj wo 3 oug

vZ6  ‘wraw ‘vl-(9)up ‘lii-(,€)ydp (,z)ydo-(,9)>00 pD pdD x04 397z wy Bny vy ZL0T qems €L€ £51'099'C LSY'PEL £ Wwo'ory's 000000000QY4d 1444
(W)21 pue ‘(Lzgdd)vs ‘(g)wid ‘yoow 1L Wil d XO Jep dwj wo 3 oug

94 ‘7019 ‘oI-(9)2up “Yji-(,€)ydp “(,Z)ydp-(,9)200 pD D |ux pdD 337 XD Z)D wy bny sy SL0T qems |eseN v'LE 79T'L€9'T LOE°LLL L€ 889°£050L 00000000AHHd [474
(W)21 pue ‘(Lzgdd)d ‘(g)wiad ‘yraw 11 d X0 Jey wo 3 ouj pd> D

St ‘7019 “(,2)ydo~(,9)200 ‘D[-(9)3UD “JjI-(,€)ydD Jux pdD x§D 297 ZjD wy Bny Y §L0T siaddid v'LE 100°0t9'C PoT'LLL 8¢ ovE'TLL'E 00000000ZHHd 8¢/
(g)uua IXS Wil 1] d XO Jey wH 3 oug xoQ

¥8 pue ‘yaw ‘Zojq ‘vj-(9)aup -(g)ydo  pD D ux pdD XD 29A ZD wy bny Yy gloz  @red [edibung v'LE 08£'899'C 8z1'0CL 6% 08L'9EY'L 00000000VIHd 89
D4p pue IXS WIL 1] d XO Jely wo 3 oug

1L ‘(Quia “y2aw ‘zojq ‘(,z)ydo-(,9)200 PO [uX pdD XD 23A ZjD wy Bny sy 10T siaddiD vLE L9¥'869°C 6LYEEL L€ 0zL'05€'6 000000004IHd 1S9
DUp pue ‘(g)uia ‘yraw ‘Zbjq IXS Wil 11 d exO Jew 3 oug

1L "DI-(9)3up “Yjj-(,€)ydp ‘(,z)ydp-(,9)200 1D JuX pdD XD 297 Z§D wy bny ¥10T auun vLE 90£'599'C 07151 w 097'7L8'L 00000000DIHd 985
Dlyp pue ‘(g)uua ‘yoauw ‘zvjq ™S 1L Wil XO Je dw wo 3 oug

1L DI-(9)3up “YjI-(,€)ydp “(,z)ydp-(,9)200 pD |ux pdD 29A XD wy Bny sy €10T piny dpeloy €Le YLY'SYL'T ozv'eeL A4 816'£00'8 00000000dIHd 9Ly
D4p pue ‘(g)ua ‘yaaw ‘zojq XS 1L Wil XO Jep dwj wo 3 oug

1L ‘DI-(9)1u “YjI-(,€)ydp “(,Z)ydp~(,9)20D pD Jux pdD 39A XD wy Bny sy €102 piny deloy €L€ LESPYL'T 067'€EL W 8ET'60£0L 00000000XHHd €Ly
D4p pue ‘(g)unia Zojq ‘yraw IXS Wi 1] d exQ Jep dwy| 3 ou3

1L ‘DI-(9)1up “YjI-(,€)ydp “(,2)ydp-(,9)200 1D JuX pdD XD 29 J2D wy Bny (414 ewapa 6317 v'LE 6v6'0LL'C ozv'eel 1S 09S°LEV'0L 00000000MHHd 333
D4p pue ‘(g)unia Zojq ‘yraw XS Wil 1] d X0 dw] wo 3 pd

¥9 H-(,€)ydp “oj-(9)3up “(,Z)ydo-(,9)200 Jux pdd XD 337 Z§D wy Bny Ny L0z qems upjs vLE 6£9'029'C PL6'vEL 8¢  978'L600L 00000000AHHd 00¢

S1STN sauab aduelsisay go1yoid aduesisay IA 324nos (%) (dq) yibua| (dq) °n sbiyuod speai »'0U UOISSIde ulens

jusauod awousn Jo ‘oN pa4ied SOM
J+9 Jo "oN

sulesys snipawapuipnasd sn33020jAydpis | 10} SIDQUINU UOISSIID. ueguan | I1dVL

genomea.asm.org 2

Issue 15 e00290-18

Volume 6


https://www.ncbi.nlm.nih.gov/nuccore/PHHV00000000
https://www.ncbi.nlm.nih.gov/nuccore/PHHW00000000
https://www.ncbi.nlm.nih.gov/nuccore/PHHX00000000
https://www.ncbi.nlm.nih.gov/nuccore/PHID00000000
https://www.ncbi.nlm.nih.gov/nuccore/PHIC00000000
https://www.ncbi.nlm.nih.gov/nuccore/PHIB00000000
https://www.ncbi.nlm.nih.gov/nuccore/PHIA00000000
https://www.ncbi.nlm.nih.gov/nuccore/PHHZ00000000
https://www.ncbi.nlm.nih.gov/nuccore/PHHY00000000
https://www.ncbi.nlm.nih.gov/nuccore/PRDQ00000000
https://www.ncbi.nlm.nih.gov/nuccore/PRDR00000000
https://www.ncbi.nlm.nih.gov/nuccore/PRDP00000000
http://genomea.asm.org

Genome Announcement

geneme/\ nnouncements

was performed using the Staphylococcus pseudintermedius MLST database (https://
pubmist.org/spseudintermedius/), as described previously (25). All of these strains
displayed multidrug resistance (resistance to >3 classes of antibiotics) when MICs were
measured according to current Clinical and Laboratory Standards Institute (CLSI) pro-
tocols (26). The corresponding resistance genes were identified using ResFinder version
3.0 (27). All strains contained staphylococcal cassette chromosome mec elements
(SCCmec), as identified by ResFinder version 3.0. These genome sequences will aid in
the development of improved molecular diagnostics and subtyping methods for
epidemiological source tracing of MRSP outbreaks. The detailed comparative genomics
analysis of these strains is currently ongoing and will be published independently.

database. The accession numbers are listed in Table 1.
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